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Spontaneous glomerular IgA deposition in ddY mice: An
animal model of IgA nephritis
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Spontaneous glomerular IgA deposition in ddY mice: An animal model
of IgA nephritis. It was found that ddY mice derived from non-inbred
dd-stock mice brought from Germany before 1920 and then raised in
Japan developed spontaneously IgA dominant deposition in the glomer-
ular mesangium. in this report we give a detailed natural history of the
renal pathology of those mice. The animals were fed rodent laboratory
chow and sacrificedin groups of 9 to 10 at 6, 10, 16, 24, 28, 40, and 59
weeks of age. The bladder urine was analyzed, serum immunoglobulins
were measured, and the kidney specimens were evaluated with light,
fluorescent, and electron microscopy. Proteinuria was (+) to (+ +) after
28 weeks and (++) to (+++) at 59 weeks with negative hematuria.
Mesangial cell proliferation began to appear at 16 weeks, then pro-
gressed to a definite proliferative glomerulonephritis. At 59 weeks an
additional increase of the mesangial matrix occurred. By im-
munofluorescence, there were igG of(++), 1gM (+) to (++), igA (+)
and C3 (+) in the glomeruli until 28 weeks. However, IgA started to be
dominant at 40 weeks and the glomerular pattern was IgA (+ +) to
(+++), IgG (+) to (-l-+), 1gM (±) to (+) and C3 (+) to (-t-+) at 59
weeks. Polyclonal IgA and IgG2a among immunoglobulins steeply rose
at 40 weeks, and at 59 weeks IgA increased by 850%, lgG2, by 280%,
IgG1 by 170%, igG2b by 90%, and 1gM by 60%, as compared with their
level at 6 weeks. There was no anti-nuclear antibody. Thus, ddY mice,
at least after the age of 40 weeks, can be used as a new animal model for
spontaneous lgA nephritis, The probable origin of IgA is also discussed.
Dépôts glomerulaires spontanés d'IgA chez des souris ddY: Un modèle
animal de néphrite a IgA. II a été trouvé que des souris ddY dCrivCes
d'un stock dd non inbred importées d'Allemagne avant 1920 puis
élevées au Japon dCveloppaient spontanCment des depOts d'IgA domi-
nants dans le mésangium glomerulaire. Nous donnons ici une histoire
naturelle dCtailiCe de l'anatomo-pathologie rCnale de ces souris. Les
animaux ant recu un régime de laboratoire pour rongeurs, et ont été
sacriflés par groupes de 9 ou 10 a 6, 10, 16, 24, 28, 40, et 59 semaines
d'hge. Les urines vésicales ont été analysées, les immunoglobulines
sériques mesurées et des échantillons rénaux examines en microscopie
optique, a fluorescence et électronique. La protéinurie Ctait de (+) a
(++) après 28 semaines et de (++) a (+++) a 59 semaines, sans
hématurie. La proliferation cellulaire mCsangiale commencait a
apparaitre a 16 semaines, puis progressait vers une glomerulonéphrite
proliferative nette. A 59 semaines, une augmentation supplCmentaire de
Ia matrice mésangiale se produisait. En immunofluorescence, ii y avait
des IgG (++), des 1gM (+) a (++), des IgA (+) et du C3 (-4-) dans les
glomérules jusqu'à 28 semaines. Néanmoins, les IgA commencaient a
predominer a 40 semaines, et l'aspect glomerulaire était IgA (+ +) a
(+++),IgG(+)to(++),lgM(±)a(+)etC3(+)a(++)a59semaines.
Parmi les immunoglobulines, les IgA polyclonales et les IgG2a
augmentaient fortement 0 40 semaines, et a 59 semaines les IgA avaient
augmenté de 850%, les IgG2, de 280%, les IgG1 de 170%, les IgG de
90%, et les 1gM de 60% par rapport a leur niveau a 6 semaines. Ii n'y
avait pas d'anticorps antinucléaire. Ainsi, les souris ddY, au mains
après l'âge de 40 semaines peuvent être utilisés comme un nouveau
modéle animal de néphrite 0 IgA spontanëe.
IgA nephritis, first described by Berger [1], is characterized
by predominant IgA deposition usually over the glomerular
mesangium, often accompanied by less intense C3, IgG, and
1gM. A number of subsequent studies have delineated various
clinicopathological features of this frequent entity [2—5]. Also,
about one-fifth to one-fourth of the patients with IgA nephritis
take a course which progresses to endstage kidney disease
requiring hemodialysis and renal transplantation [6—9].
Believed to belong to one of the immune complex diseases
[10—141, the origin of IgA nephritis and the antigen components
remain to be solved. For this reason, a variety of experimental
models of IgA nephritis have been devised [15—21]. Rifai's
model [15] has shown that only immune complexes formed with
polymeric IgA, not monomeric IgA, induced glomerulonephri-
tis in mice. The mice model of Isaacs, Miller, and Lane [161 has
provided the possibility that certain carbohydrates (dextrans)
can be antigens of IgA immune complexes. Experimental IgA
nephropathy also has been induced in rats rendered cirrhotic by
carbon tetrachloride [171, in bile duct ligated rats [18, 191 and in
mice immunized with oral antigens [20, 211.
On the other hand, there has been only one animal model of
spontaneous IgA nephritis, reported by Portis and Coe [22]
concerning mink affected with the Aleutian disease. In a study
process to produce an experimental model of IgA nephritis in
mice by oral antigen immunization, we observed that ddY mice
developed a prominent IgA accumulation in the glomeruli at
some points of their life. Although the glomerular immune
complex deposition is ubiquitous in mice [23], the presence of
predominant mesangial IgA which is comparable to human
cases has not been described.
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In this study, we report a detailed natural history of the renal
pathology of ddY mice. Spontaneous glomerular IgA deposition
in this more available strain of animal will also be a useful tool
in understanding the pathogenesis of IgA nephritis.
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Methods
Animals. Four-week-old female ddY mice were purchased
from Shizuoka Laboratory Animals, Shizuoka, Japan, and
derived from non-inbred dd-stock mice which had been brought
from Germany before 1920 and have thereafter been maintained
as a closed colony in Japan. Both dd-stock strain and ddY strain
are known to carry a retrovirus causing mammary gland tumors
[24]. The animals were fed rodent laboratory chow (MM!),
which was produced at the Funahashi Farms, Chiba, Japan, and
contains, by weight, 21.1% protein, 6.0% fat, 4.2% fiber, 6.4%
ash, and vitamins made from white fish meal, non-fat milk and
soy beans.
The mice were sacrificed at 6, 10, 16, 24, 28, 40, and 59 weeks
of age, in groups of 9 to 10. Blood was drawn from the cervical
veins, and the serum was separated and stored at —20°C until
use. The bladder urine was tested for proteinuria and hematuria
with paper strips (Hemastix, Ames, Iowa, USA). Tissue blocks
of kidney, liver, spleen, and lung were taken; the kidney blocks
were divided for use in light, immunofluorescent, and electron
microscopy.
Light microscopy. The tissue specimens were fixed in 10%
neutral phosphate-buffered formalin, embedded in paraffin, and
cut at 2 to 3 m in thickness. The sections were stained with
hematoxylin and eosin and periodic acid Schiff. In the kidney
specimen of each mouse, the number of mesangial-endothelial
cells per glomerulus were counted and averaged for 10
glomeruli that were cut through the glomerular hilus.
Immunofluorescent studies. The kidney tissue specimens
were snap-frozen at —70°C in n-hexane in dry ice-acetone bath
and then cut at 4 to 5 im in cryostat. The sections were stained
with the direct method according to Kawamura [25], using
FITC-conjugated monospecific goat anti-mouse, heavy chain
specific IgG, IgA, and 1gM sera (Meloy Laboratories, Spring-
field, Virginia, USA), and rabbit anti-mouse C3 (Medical and
Biological Laboratories, Nagoya, Japan). The antisera were
tested for monospecificity by immunoelectrophoresis against
normal mouse serum. The stained sections were examined.
Two to three representative glomeruli per mouse were photo-
graphed under a universal fluorescence microscope (Zeiss,
Oberkochen, Federal Republic of Germany). A set of filters
used were BP450—490 as an excitation filter, FT510 as a dichroic
mirror, and BP520—560 as a barrier filter. The intensity of
immunofluorescence was graded as negative (point 0), trace
(point 0,5), one plus (point 1.0), two plus (point 2.0), and three
plus (point 3.0). This assessment was performed by three
observers who did not know the background data. Anti-nuclear
antibodies were also examined with the indirect method using
homologons mouse and rat liver.
Electron microscopy. The kidney tissue specimens cut for
electron microscopy were fixed in phosphate-buffered glutaral-
dehyde for 2 to 3 hr, postfixed in 2% osmium tetraxide,
dehydrated, and embedded in Epon resin. Ultrathin sections
were stained with lead acetate and uranyl acetate, and were
examined under an electron microscope (Nippon Electric lOOB
Tokyo, Japan).
Serum immunoglobulins. The levels of IgG1, IgG2a, IgG2,
IgA, and 1gM were measured by the single radial immunodiffu-
sion method. Radial immunodiffusion plates containing specific
goat anti-mouse IgG1, IgG2, IgG2b, IgA, or 1gM serum with
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Fig. 1. Time course of the number of mesangial-endothelial cells per
glomerulus. Their gradual increase was observed as the mice grew
older.
respective standard serum were obtained from Meloy Labora-
tories. When necessary, serum samples were diluted appropri-
ately to fit the determined range of measurement. Serum
creatinine levels were measured by an Autoanalyzer (Tech-
nicon Instruments Corporation, Tarrytown, New York, USA).
The data were expressed as mean SEM and statistical
analysis was performed using Student's t test.
Results
Animals. A few mice died spontaneously at intervals of the
sacrifice and were omitted from the present evaluation. The
death rate was unchanged throughout the observation period.
But, neither they or any other mice at the time of sacrifice
exhibited mammary gland tumors or any other kind of tumor.
Urinalysis. Proteinuria began to appear at the age of 28
weeks, when it was (+) to (++). At 59 weeks, it increased to
(++) to (+++). There was no hematuria.
Serum creatinine. In the groups sacrificed at 40 and 59 weeks,
the level of serum creatinine ranged from 0.7 to 1.2 mg/dl,
essentially the same values as those from younger mice.
Renal histology. As seen in Figure 1, the number of
mesangial-endothelial cells per glomerulus gradually increased
between 16 and 59 weeks of age. Although there was no
significant difference between the 6- and 10-week, between the
16- and 24-week, and between 28- and 40-week groups, the
difference between the 6- to 10-week and the 16- to 24-week
groups, between the 16- to 24-week and the 28- to 40-week
groups, and between the 28- to 40-week and the 59-week groups
was significant (P < 0.001, respectively). These glomerular
changes corresponded to the picture of mesangial proliferative
glomerulonephritis with spared involvement of the peripheral
capillary walls (Fig. 2A). Moreover, one half of the mice at the
age of 59 weeks also showed a marked widening of the
mesangial area secondary to an increase of the mesangial
matrix, which is consistent with the so-called mesangial deposi-
tive lesions (Fig. 2B). In the latter cases, amyloid staining was
negative. Glomerular segmental or global sclerosis was rarely
observed. Outside of the glomerulus, there were occasional
nests of small round cell infiltration in the interstitium, along
with some dense protein casts in the tubules at stages after 28
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Fig. 2. Glomerular pathology from 59-week-old mice. A (upper pane!)
The changes consistent with diffuse mesangial proliferative glomerulo-
nephritis. The peripheral capillary walls are relatively preserved, as is
the tubulointerstitium system. (PAS, x400) B (lower pane!) From
another mouse that exhibits diffuse meson gial depositive lesions by an
obvious increase of matrix components. The surrounding tubules also
appear normal. (PAS, x400)
weeks. In the groups of 40 and 59 weeks, a few arterioles
displayed mild intimal hyalinosis, and there was no significant
tubular atrophy.
With regard to other organs, the liver from the mice groups of
40 and 59 weeks sometimes showed small round cell infiltra-
tions of a mild degree in the portal area, but there were no other
significant findings. The spleen and lungs appeared normal.
Immunohistology. Consistent with the light microscopic find-
ings, glomerular deposition of immunoglobulins and C3 became
florid at the age of 16 weeks (Fig. 3), in a granular or nodular
fashion over the mesangial area, partly to the subendothelial
space. Between 16 and 28 weeks, IgG or 1gM predominated
with less intense IgA. However, at 40 weeks, IgA started to be
more intense and thereby equal to, or even more than, IgG and
1gM in a few cases. Furthermore, at the age of 59 weeks, this
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trend of IgA was maintained, while the intensity of IgG and 1gM
regressed, thus making IgA a prominent immunoglobulin de-
posited in the glomeruli. Glomerular IgA deposition was es-
pecially conspicuous in those mice which showed mesangial
depositive lesions as shown in Fig. 2B. The intensity of C3
remained relatively stable from 16 through 59 weeks. Figure 4
depicts a set of glomerular IgG, IgA, 1gM, and C3 obtained from
one mouse with mesangial depositive changes at the age of 59
weeks. Apart from the glomerular immunohistology, there was
no anti-nuclear antibody detected at any stages.
Electron microscopy. This confirmed the presence of mesan-
gial cell proliferation as well as electron dense deposits in the
mesangial matrix. These dense deposits were correlated
roughly with the immunohistologically positive immunoglob-
ulins. Particularly, abundant glomerular IgA deposition was
associated with massive accumulation of electron dense materi-
als from the mesangial area to the subendothelial space as seen
in Figure 5.
Serum immunoglobulins. Table 1 lists serum levels of immu-
noglobulins, that is, IgG1, IgG2a, IgG2, IgA, and 1gM, which
were measured at the time of each sacrifice. They generally
tended to increase as the animals grew older. Above all, IgA,
which occupied only 7% of total amount of immunoglobulins at
6 weeks of age, went up to 22% at 59 weeks. The increased ratio
of each immunoglobulin (Ig) was calculated against that value at
6 weeks, as shown in Figure 6. The sharpest rise of IgG25 and
IgA occurred at 40 weeks, but thereafter they both began to fall,
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Fig. 3. Time course of glomerular immunofluorescent findings. Until 28
weeks of age, IgG or 1gM predominated. However, after 40 weeks IgA
began to be dominant and became most prominent at 59 weeks, along
with the regression of lgG and 1gM. C3 remained relatively constant.
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Fig. 4. A set of glomerular IgG, IgA, 1gM and C3 from a 59-week-old mouse. In this case, the renal histology showed mesangial depositive lesions.
By immunofluorescence, although lgG is locally prominent, IgA and C3 are more diffusely and heavily stained, and 1gM was present in a lesser
amount. Abbreviations are: G, IgG; A, IgA; M, 1gM; C, C3. (All, x200)
Table 1. Serum levels of immunoglobulins (mg/dl) and ages of mice
Age
weeks
No. of
mice IgG1 IgG2a IgG2b IgA 1gM
6 10 282.5 24.la 118.1 21.0 73.5 6.3 42.3 1.6 29.5 0.9
10 10 172.1 12.1 160.1 16.5 60.2 2.7 45.5 2.3 30.1 0.9
16 10 266.5 17.2 162.5 21.9 34.3 1.9 80.0 9.7 33.9 1.8
24 10 294.0 32.1 241.0 42.6 55.9 6.2 104.4 15.1 42.6 3.8
28 10 223.0 8.1 275.0 23.2 38.7 3.2 72.9 7.4 35.0 1.2
40 9 1026.3 271.8 1803.8 463.8 301.6 71.4 622.0 296.1 42.8 3.8
59 10 765.5 255.6 453.0 75.7 141.6 50.0 404.0 97.3 46.2 4.3
Mean SEM.
but with a steeper decline of IgG2a than IgA, hence leaving IgA
in a somewhat higher level at 59 weeks. Thus, at 59 weeks, IgA
increased by 850%, IgG2a by 280%, IgG1 by 170%, IgG2b by
90%, and 1gM by 60%, as compared with their level at 6 weeks.
These increases of immunoglobulins were confirmed to be
polyclonal by an electrophoresis using cellulose-acetate mem-
brane.
Discussion
It has been demonstrated that mice spontaneously develop
the granular deposition of immunoglobulins in the glomeruli,
that is, immune complex glomerulonephritis [23]. By examining
12 strains of normal and two strains of germ-free laboratory
mice other than the ddY strain, Markham, Sutherland, and
Mardiney [231 observed that the immune complex localization
in renal glomeruli was ubiquitous. The oldest mice in that series
were 32 weeks of age, and the prominent immunoglobulin was
1gM or IgG—IgA being in a lesser frequency. Moreover, in
NZB/WF1 mice used as a model of lupus nephritis [26] or MRL
mice spontaneously developing necrotizing angiitis [27], the
dominant immunoglobulin deposited in the tissues is known to
be IgG. In our study, ddY mice also displayed the glomerular
deposition in which 1gM or IgG was dominant until 28 weeks of
age, which can be explained by the ubiquitous phenomenon in
mice. However, ddY mice, at the age of 40 weeks, started to
show more intense glomerular IgA along with a sharp rise in
circulating IgA concentration. At 59 weeks IgA became the
most prominent immunoglobulin deposited in the glomeruli.
This seems to be associated with the delicate shift of renal
pathology from uniformly mesangial proliferative changes to
occasional mesangial depositive lesions, simulating the mor-
phological features of human IgA nephritis [5]. However, these
Fig. 5. Electronmicrograph from a 59-week-old mouse with mesangial
depositive lesions. There were abundant electron-dense substances in
the mesangial area and the subendothelial space, often compromising
the peripheral capillary lumina. Abbreviations are: BM, basement
membrane; EP, epithelial cells; MC, mesangial cells; D, electron-dense
deposits. (x 8900)
mice did not show hematuria, while it is conspicuous in humans
who have IgA nephritis [1—7]. Although Rifai et al [15] state that
in their model only immune complexes of four- to seven-fold
antigen excess developed hematuria, many other models of
experimental IgA nephritis [17—211 have not accompanied it.
This discrepancy between human cases and animals cannot be
explained well at the moment, and remains to be solved.
A variety of pathogenetic mechanisms have been proposed
which ultimately lead to the glomerular IgA deposition. The
frequent association of IgA nephritis with upper respiratory
tract infection or abdominal pain suggests that the IgA may be
of mucosal origin [2, 28, 291. The experimental model of Rifai et
al [15] has shown that it was only polymeric IgA immune
complexes that deposited in the glomeruli and induced glomeru-
lonephritis, indicating the secretory origin of IgA. The appear-
ance of IgA in the glomeruli following long-term oral immuniza-
tion in mice performed by Emancipator, Gallo, and Lamm [201
and Emancipator et al [21] suggests that the IgA may be derived
from the gastrointestinal tract. However, this model raises
some questions to be solved. One is that the immunogen was
also present in the glomeruli from the non-immunized controls,
although it was in a significantly lower frequency, as compared
with the immunized mice. The other is whether or not an animal
having a normal liver conveys the gut-derived immune com-
plexes beyond the portohepatic barrier into the systemic circu-
lation in an amount large enough to be deposited in the
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glomeruli, In any event, it has been shown clearly that the
hepatic dysfunctions induced by experimental cirrhosis [17] or
bile duct ligation [18, 19] promotes the deposition of glomeruli
IgA immune complexes secondary to their altered handling by
the diseased liver.
The ddY mice appear to offer a pathogenetic mechanism
different from those mentioned above. According to Chino,
Sato, and Sasaki [24], who examined the natural history of
retrovirus-related tumor formation, ddY mice develop lung
carcinoma (the incidence is 22.0%), malignant lymphoma
(18.1%), mammary gland tumor (10.8%), and ovarian cancer
(3.0%). Among these, the mammary gland carcinoma begins to
occur at the age of 40 weeks and its incidence gradually
increases as the mice grow older, while the lung cancer and
lymphoma appear substantially after 60 weeks of age. There
was no such trend in the ovarian tumor, probably due to its
lower incidence. All ddY mice in the present series exhibited no
tumor formation when sacrificed, and therefore they, especially
those at the age of 40 to 59 weeks, may be assumed to be at the
pre-cancerous stage. Moreover, at this stage there was a sharp
rise and fall of IgA and IgG2, equivalent to the IgG subclass of
human IgG. Since the tumors develop following the decline of
immunoglobulin levels, this may represent the interrupted
tolerance for the harbored retrovirus. With regard to the
increased IgA, the chronological association with the mammary
gland carcinoma strongly suggests that it originates in the
mammary glands, which are one of the major sources of IgA in
the mammalian. This observation seems to be supported by a
recent report that dogs bearing a spontaneous mammary adeno-
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carcinoma revealed an increase of circulating IgA immune
complexes [30]. It is important to recognize that the mammary
glands lie outside the portohepatic barrier. Although in the
present series the circulating levels of IgA immune complexes
were not measured, it is likely that the increased IgA contains
them.
Further analyses will be needed to clarify the exact mecha-
nisms of the antigen-antibody interactions and on the eventual
glomerular deposition of IgA immune complexes not influenced
by the portohepatic barrier. Knowledge of this will enhance our
understanding of human IgA nephritis. Thus, ddY mice as a
more available strain provides, at least after 40 weeks of age, an
animal model of spontaneous glomerular deposition of IgA,
with probable origins in the mammary glands.
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